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Abstract 
The paper deals with the problem of qualitative indicators measurement in human resource controlling system. The object of our 
study, IT companies in Slovak republic, facing problem of poor employee productivity and efficiency evaluation. Our aim is to 
compare several authors’ solutions, to choose the best one with respect to IT companies’ characteristics and to propose adequate 
implementation methodology. With using method of comparison, abstraction and concretisation we highlight data envelopment 
analysis method (DEA) as the complex performance indicator. DEA provides efficiency ratings that make the maximum possible 
using of the available data, the sources of inefficiency can be analysed and quantified for every evaluated unit (one employee), 
multiple indicators can be handled and the indicators can be measured in different units of measurement. According to various 
authors we create own scheme of inputs and outputs and their mining from existed information systems in selected companies. 
We recommended using created scheme of DEA method in all IT companies to compare productivity and utilization of 
employees in one company or in more companies of one branch. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The human resources are the most valuable assets and the source of competitive advantage in all companies. They 
are also the most affected by the impact of a financial crisis and depression. The redundancies and salary cuts are 
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common solutions by many top managers and company owners. In 2009 40% European organizations reduced their 
human resource budget while only 4.9% increased it. We have been studying the human resource controlling as a 
method of human resource optimization for one year and have found out many acquisitions to human resource 
management. The human resource controlling helps with optimization and transformation of human resource 
functions and with general human resource management. The human resource controlling is effective only with 
appropriate tools and methodology. The data for human resource controlling needs to be mined from human resource 
information system or from other parts of company’s information system. The properly chosen human resource 
controlling tools and indicators need to follow the identified human resource management aims. There is no need for 
redundant indicators and results with small importance for future development. (Caplan, 2009) 
The motivation for our study was the lack of qualitative human resource indicators and their low information 
value in surveyed companies. The data envelopment analysis (DEA) method provides efficiency ratings for every 
evaluated unit, in our case for each employee. The using of this method for productivity and efficiency evaluation 
was demonstrated by several authors. Our demonstration is made in Information Technology Company in Slovak 
republic and verified the possibility of using the DEA modelling as human resource indicator.  
The paper is organised as follows. Section 2 analyses the theoretical basis and literature critics for the fields: 
human resource controlling and data envelopment analysis method. The structure of inputs and outputs for IT 
companies is chosen in this section. Section 3 presents and explains the methodology of DEA modelling and the 
procedure of DEA inputs and outputs measuring. Section 4 shows the empirical results and recommendations for 
further use. Section 5 summarizes the findings and contains suggestions for our future research. 
2. Theoretical basis 
Human resource management and human resource department employees work with control to test employee’s 
performance and to find out the level of performance appraisal system. Control can be defined as any process that 
helps align the actions of individuals with the interests of their employing firm. The human resource control is not 
the same as human resource controlling. Control is oriented on the past, controlling is oriented on the future. The 
main aim of control is to determine an error, the aims of controlling are: to plan, to control and to correct mistakes. 
Controlling also helps to guide and inspire, while control only helps to remove mistakes and their causes. 
(Tannenbaum, 1968; Laskowska, 2010) 
Fiedler (2011) defines human resource controlling as a management subsystem with main aim to support the 
company’s management. All in the terms of management oriented approach. Controlling helps with the coordination 
between planning, control, organization, personnel management and information supply. Human resource 
controlling is then the specialization of general controlling. (Schaffer & Webber, 2005)  
Human resource controlling represents the application of controlling conceptions on the level of human resource 
management (HRM) as a strategic company’s field. Human resource controlling is a controlling of functional area 
and its role is planning, checking and managing including information supplement for selected functional area. It 
deals with concretization of short-term and long-term objectives of HRM and with the assessment of their 
achievement. (Milkovich & Boudreau, 1993; Majtan, 2007) 
Our research focuses on companies of Information technology and communication branch (according to SK 
NACE – section J Information and Communication). In our previous research we identified following problems with 
controlling implementation: problematic measurement of developer’s work, the lack of qualified applicants, the 
matrix organizational structure and project management, the lack of communication and problems with coordination 
between managers. These lacks affect human resource controlling implementation both in appropriate tools selection 
and controlling aims setting. (Dugelova & Strenitzerova, 2014) 
The human resource indicators are the most important human resource controlling tool. HR indicators are used 
for the analysis of current situation. The process of their using for HR controlling consists of the following parts: 
indicators identification, target results identification and regular monitoring of deviations. HR indicators are a part 
of operational tools but they reflect strategic aspects and quality of human resource management. (Olexova, 2011)  
The data sources for HR indicators are human resource administration and payroll accounting. Properly chosen 
HR indicators can be used in benchmarking and they show the long-term company’s development. Surveyed 
company analyses and evaluates 44 indicators which are divided into seven groups: corporate results, remuneration 
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and employee benefits, behaviour within the organization, recruitment and selection, talent management, training 
and development and organizational structure. In our previous work we identified many problems with HR 
indicators in the company and found the big lack of measured qualitative indicators. The company carries out the 
qualitative survey to determine employees’ satisfaction and their opinions on company’s performance, but the 
survey results are not fully included in HR controlling indicators. The company measures only these qualitative 
indicators (Dugelova & Strenitzerova, 2015):  
x degree of satisfaction with the salary,  
x employee’s satisfaction within the company, 
x employee’s satisfaction with the company performance,  
x reasons for leaving the job. 
The results of monitored qualitative indicators neither show the performance level nor answer the questions of 
motivation level and the relation between these variables. The biggest problem in IT companies is measurement of 
developers’ work and relations to motivation and employees’ satisfaction with occupations and within the company. 
After study of several authors we decided to use data envelopment analysis method. Mostly the paper of 
Zbranek (2013) and Manoharam et al. (2009) inspired us to measure employee efficiency and gain human resource 
indicator of complex performance. 
2.1. Data envelopment analysis method 
DEA (Data Envelopment Analysis) is the optimization method of mathematical programming. It generalizes the 
Farrell (1957) single-input/ single-output technical efficiency measure to the multiple-input/ multiple-output case. 
DEA has become a new tool in operational research for measuring technical efficiency. It was originally developed 
by Charnes et al. (1978) with CRS (constant returns to scale) and was extended by Banker et al. (1984) to include 
variable returns to scale. The goal of this method is to identify efficient decision-making units that produce the 
largest quantity of outputs using the least amount of inputs. (Lotfi & Shirouyehzad, 2010) 
DEA measurement has been used to evaluate and to compare educational departments (schools, colleges and 
universities), health care (hospitals, clinics), prisons, agricultural production, banks, armed forces, sports, market 
research, transportation (highway maintenance), courts and many other applications. Last researches focus on using 
of data envelopment analysis method to measure the efficiency and utilization of human resources (Zbranek, 2013 in 
bakery company; Shirouyehzad et al., 2010 in Pipe Company; Yu et al., 2012 in Taiwan’s airports; Osman, 2010 in 
Intensive Care Unit, Manoharan et al., 2009 in the motor vehicle sector company). 
The selection of inputs and outputs depends on defined goals and Lotfi & Shiroyehzad (2010) from Tehran 
University evaluated the performance of 55 employees of Distribution Company. They used as inputs motivating 
factors and as outputs they used indicators with the largest impact to performance. Yu et al. (2012) evaluated three 
different human resources reallocation policies in 18 Taiwan’s airports. DEA method was used with a Russell 
measure. The authors chose five inputs (regular employees, contracted employees, runaway areas, apron areas and 
terminal areas) and three outputs (aircraft movement, passenger and cargo weight).  They used not only human 
resources variables as Lofti & Shiroyehzad (2010) but the specification of airports and the characteristic of airport 
staff’s work. Zbranek (2013) used three input and three output variables. Inputs were salary, working conditions 
(machinery, safety at work, the temperature at the workplace, work organisation and working time) and benefits. 
Outputs were work motivation, job satisfaction and commitment to the organisation. Zbranek (2013) evaluated 12 
employees as fully efficient (out of total 60 employees) and remaining 48 were recommended to improve their 
performance (using education and training plan).. 
Our input and output selection was inspired by Fitoussi et al. (2009) and their study about productivity of 
information workers. They defined typical characteristics of IT companies’ employees: highly intangible output and 
significant measurement problems. According to them, managerial response plays a significant role in determining 
employee productivity. The managerial work depends highly on team structure. While pooling IT employees into 
teams can lower individual productivity, managers can increase productivity by decreasing the substitutability of 
team members. Also the several possible team members for one task can decrease the risk; it causes difficulty with 
measurement of individual contribution. (Fitoussi et al., 2009) The managerial work affects employee motivation 
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and approach to tasks and also the remuneration and employee work evaluation. Therefore we chose “Managerial 
approach” as one input and “Productivity according to manager” as one output of DEA model (see Figure 1).  
 
 
Fig. 1. Selected inputs and outputs of DEA model in IT companies  
3. Methodology 
DEA method works with decision making units (DMU), which use the same inputs to produce the same outputs. 
Assume that we have n DMUs producing outputs  (r = 1, 2, …, s) using inputs  (i = 1, 2, …, m). The objective 
of DEA approach is to identify the DMUS that produce the greatest number of outputs by consuming the lowest 
number of inputs. Inputs and outputs are shown in Figure 4. According to Lofti & Shiroyehzad (2010) we decided to 
use minimisation function and output-oriented model DEA with constant returns to scale. Then we are solving the 
following linear programming task (Lotfi & Shiroyehzad, 2010; Zbranek, 2013): 
 
= min  
  
  
   (1) 
where: 
 is i input of j employee, 
 is r output of j employee, 
 is i input of evaluated employee, 
 is r output of evaluated employee, 
 is intensity variable of j employee, 
 is input criteria slack variables, 
 is output criteria surplus variables 
 is the coefficient of expansion of output, the technical efficiency score of the evaluated employee 
 
When measuring inputs and outputs we focus on these characteristics: 
Salary + benefits: the level of salary and other rewards and benefits of individual employee measured in €. The 
remuneration of individual employee consists of (Milkovich & Boudreau, 1993): base salary, benefits and 
incentives. All these parts of remuneration system are included in personnel indicators and should be calculated to 
one employee. 
Working conditions: consist of technical equipment, safety at work, workplace and working time. IT company 
employee’s productivity can be increased by investments in information systems. Brynjolfsson et al. (2005) showed 
not only IT hardware investments but investments in software development, business process redesign, testing, 
deployment and training is important.  
Managerial approach: consists of the span of control, task concentration, manager experience (manager hours), 
staff experience depth and breadth (non-manager hours). Fitoussi et al. (2009) highlighted the harder it is to infer 
individual effort from output observations, the more the manager must rely on other means such as direct 
monitoring.  
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Work motivation: Zbranek (2013) used for quantification this output “Motivating Potential Score” presented in 
the work of Hackman & Oldham (1976). They measure the motivating potential of jobs with the five motivating 
characteristics. Skill variety (SV), task identity (TI), task significance (TS), autonomy (AU) and feedback (FB) all 
serve to account for a sense of "meaningfulness". 
Job satisfaction: is based on Hoppock’s job satisfaction questions published in 1935 which was validated by 
several authors in following years. Hoppock used four questions related to various aspects of satisfaction with the 
employee’s job. The job satisfaction score is obtained by summing responses to the four questions (giving each 
question equal weight), yielding a score between four and 28. (Mc Nichols et al., 1978) 
Productivity according to manager: consists of answers to questions in seven main groups. These questions are 
answered by managers and they are part of employee’s evaluation. We have been inspired by the article of Nick 
Hodges published in 2012. The evaluation of employee productivity and efficiency depends heavily on the manager 
suggestion. But in company with hard-to-measure output is manager monitoring and observations the only tools to 
identify individual performance. 
The purpose of our paper is “To show the possibility of using DEA modelling in human resource controlling as 
qualitative human resource indicator”. To gain this aim we use DEA method and show the results for each 
employee. Our next aim is to find the relations between employees’ efficiency and their age, job tenure in company 
and the number of hours worked at home. Then we create appropriate qualitative human resource indicators based 
on DEA modelling and company’s HRM vision. The information for our survey was collected through two 
questionnaires. One questionnaire was answered by employees of a team and second questionnaire was answered by 
a team manager. The questionnaire for employees consists of twenty questions differentiates between identification 
information and five other parts according to all inputs and two outputs (salary + benefits, working conditions, 
managerial approach, work motivation and job satisfaction). The questionnaire for manager consists of seven 
questions with 10-degree Likert scale all relating to output productivity according to manager.  
4. Results and discussions 
The DEA method is implemented in international IT Company that does not wish to publish its name. We choose 
one project team with eleven employees and one project team leader (line manager). The questionnaires’ return rate 
is 100%. We base both questionnaires on our methodology and qualitative surveys of employees’ opinion done once 
a year. As we previously mentioned the company regularly measures four qualitative indicators. We use questions 
about degree of satisfaction with the salary and satisfaction within the company and add questions about managerial 
approach, work motivation and job satisfaction. The questionnaire for manager does not build on any previous 
assessment. The questions are inspired by article from Nick Hodges and being related to the main fields of IT 
employees’ work: quality of work, interest in project and tasks, knowledge from the field, failure rate and 
responsibility for setting aims. 
Table 1. Results of DEA modeling  
Employee Efficiency Employee Efficiency 
DMU 1 1.000 DMU 7 0.573 
DMU 2 1.000 DMU 8 0.243 
DMU 3 1.000 DMU 9 1.000 
DMU 4 0.368 DMU 10 0.667 
DMU 5 0.250 DMU 11 0.755 
DMU 6 0.400   
The results are calculated to 100% and presented in decimal notation. Inputs are minimised and outputs are 
maximised so employee with input 1=0.100 feels the highest satisfaction with salary and benefits and employee with 
output 1=0.920 feels the highest satisfaction with managerial approach.  
There are four employees in the project team with maximum efficiency of 1.000 (see Table 1). The average 
efficiency is 0.6595, the lowest efficiency is 0,243. Six employees achieve efficiency above the average; five 
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employees achieve efficiency below the average. The modus of this sample is 1.000 and the median is 0.667. The 
employee with the lowest efficiency (0.243) is identified as DMU8. This employee is 43 years old, works in 
company for 10 years and his current job position is Tester. He does not work from home and he is not satisfied in 
the company. He would change his position and also the company immediately if he was offered. The four most 
efficient employees (with efficiency = 1.000) have the average age of 38.25 years, they work in the company 
approximately for 10.75 years and spend approximately 1.75 hour per week working at home. Two of them are 
Developers, one employee work as an Architect and one as a Tester. These most efficient employees are very 
satisfied or satisfied with working conditions, with managerial approach and they are highly motivated. They are 
also very well or well assessed by team manager in all fields of their work. 
Table 2. Statistical analysis of the employees' efficiency based on the demographic and job related characteristics 
Variable Total No. employees 
No. efficient 
employees 
Average 
efficiency Max. efficiency Min. efficiency 
Age      
   20-30 0 0 - - - 
   30-40 8 3 0.720 1.000 0.368 
   40-50 2 0 0.246 0.250 0.243 
   50-60 1 1 1.000 1.000 1.000 
Job tenure      
   0-5 0 0 - - - 
   6-10 7 3 0.741 1.000 0.368 
   11-15 4 1 0.516 1.000 0.243 
Position      
   Architect 1 1 1.000 1.000 1.000 
   Developer 8 2 0.626 1.000 0.250 
   Tester 2 1 0.621 1.000 0.243 
Number of hours in a 
week worked at home      
   0 6 1 0.556 1.000 0.243 
   1-3 4 2 0.729 1.000 0.250 
   4-6 1 1 1.000 1.000 1.000 
The first part of questionnaire contains questions about the age, job tenure, job position and teleworking. The 
results are in the Table 2. We can see that the age division in the team is very irregular. Eight employees are 
between 30 and 40 years old and only four employees are more than 40 years old. The division according job tenure, 
position and number of hours worked at home is irregular too. The most employees are in the company for more 
than six years, there are only one Architect, one Tester and eight Developers. All employees can do some work from 
home but only five employees use this possibility, four of them work from home for one hour per week and one of 
them, team Architect, works from home for five hours per week. We also calculate average, maximum and 
minimum efficiency for all groups to find out the most productive group according to demographic and job related 
characteristics. We exclude from the results groups with one employee that have average, maximum and minimum 
efficiency = 1.000. After the analysis of remaining groups we can define as the most efficient the employees 
between 30 and 40 years old with job tenure between six and ten years who work at home for more than one hour 
per week. We can see positive relation between employee’s efficiency, his age and job tenure. Employees who are 
more than 40 years old and work in one company for more than ten years feel more depressed, dissatisfied and less 
motivated. We can see similar results in the work of Zbranek (2013). There is a task for team manager and other 
company’s managers to focus on these employees and find the best way to motivate them. 
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The best practices from big international IT companies with successfully implemented HR controlling show us 
the importance of HR indicators’ minimisation. HR controllers need to pay attention to the most important problems 
and to gain the HRM aims. The employee’s efficiency measured by DEA method is the solution of this problem. HR 
managers of IT Company determined following HRM vision: “The human resource management vision in our 
company is focusing on long term development of current human resource capital and the recruitment of new 
employees with high potential and talent.” The vision was decomposed to more aims. We chose the four aims that 
solve the problem of employee satisfaction: 
x To recognize and identify the most effective employees. 
x To identify and recruit the talented employees. 
x To keep employees motivated and satisfied.  
x To keep manager’s assessment of employees above the average. 
After the HRM aims consideration we recommend measuring these two indicators based on DEA modelling: 
employees’ efficiency and efficiency of a risk group of employees (employees above 40 years of age and with job 
tenure above 10 years). In the HR indicator “employee’s efficiency” calculated with DEA method there are included 
almost all qualitative strategic aims. The HR controller can identify with this indicator the most effective employees, 
control the manager’s assessment of employees and control the level of motivation and satisfaction. The strategic 
aim “To identify and recruit the talented employees” needs to be measured and controlled by the characteristics of 
talent management. The HR indicator “efficiency of a risk group of employees” reacts to the weak results of DEA 
modelling of employees with specific characteristics. The characteristic can change according to changing 
circumstances in the future.  
5. Conclusion and recommendations 
In the light of IT Companies’ human resources characteristics and the problematic output and input measurement 
we recommend using DEA (Data Envelopment Analysis) method in human resource controlling. Several authors 
used this optimization method of mathematical programming to evaluate productivity and efficiency of companies 
and also of the employees in one company. Based on the study of Zbranek (2013), Lofti & Shiroyehzad (2010) and 
Yu et al. (2012) we choose three inputs and three outputs DEA model to measure individual employee’s 
performance and efficiency. According to study of Fitoussi et al. (2009) we define managerial work as the main tool 
of employee’s evaluation and motivation. Based on the characteristics of DEA method we can identify these 
advantages of using DEA as personnel indicator: conjunction of several indicators into one, measurement of 
individual employee productivity, comparison of several employees’ productivity, consideration of different views 
and several interested parties. 
The purpose of our study was attained and all four identified aims were gained. We show the applicability of 
selected inputs and outputs and by practical research we measure the efficiency of each employee in surveyed 
project team. The minimisation function and output-oriented DEA model with constant returns to scale was chosen 
so the highest efficiency is 1.000 and the lowest efficiency in project team is 0.243. The employees in age between 
30 and 40 that work in company for five to ten years are identified as the most productive. The employees with the 
lowest efficiency are more than 40 years old and work in company for more than ten years. The dissatisfaction, 
demotivation and bad relationship with fellow workers cause the low productivity and inadequate assessment. The 
team manager needs to identify the most efficient employees and the purpose of other employees’ inefficiency. The 
HR indicator “efficiency of risk group of employees” helps the manager and controller to periodically measure the 
performance and satisfaction of the risky employees.  
The approach used in this research is practical but it is also costly and time consuming. It contains large number 
of questions and solution of linear programming functions is difficult even with appropriate statistical tools. The 
employees can feel bothered by the questionnaire when is performed periodically. The team manager can also feel 
hard-pressed by questionnaire. He needs to assess all employees in the team that is really time-consuming. 
Commonly human resource indicators are evaluated each month. Because of mentioned disadvantages we suggest to 
make a survey and evaluate the effectiveness once a quarter or every second month.  
The lacks of our survey are in the number of questioned employees and in the limitation to one company and one 
project team. Further investigations in other companies and other project teams may offer better comparison and 
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verification of general using of DEA modelling in human resource controlling. The important limitations of our 
study are missing historical results. Additional research is suggested to assess the impact of the evaluation of 
employees’ effectiveness over time. 
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